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Yuensie u3 MHcTHTYTa OMopu3mkn CO PAH (KpacHosipck) BMecTe € Kojuteramu 13 Kuras
KJIOHMPOBAJIM I'eHbl, KOTOPEIE KOLMPYIOT STh HOBBIX (DOpM DMOMIOMMHECLIEHTHOTO De/lKa
MMTPOKOMMHA, coflepkallerocs B Menyse Mitrocoma cellularia, n Bmepsrie onpeneninm
MPOCTPAHCTBEHHYIO CTPYKTYPY 3TOro Oenka. CBeueHue Ge/IKa YBeINYMI0ChH B IONTOPa
pasa, IocJie Toro, Kak MccjiefoBaTe/In LeJleHanpasieHHo YIaauIH aMMHOKUCIOTY

Ha OIHOM M3 KOHILOB CBeTANLeHCS MO/TeKy/1bl. Pe3ynbTaTsl MccleLoBaHus OIMyOnMKOBaHbI
B JxypHaie Journal of Photochemistry & Photobiology, B: Biology

IMpencrasbTe cede, 9TO CcracaTeisM, KOTOpPbIe PUCKYIOT IOMYYMTE JO3Y PaAM0aKTUBHOTO
o0myYeHus, AefatoT YKOA € CYCTIeH3Mel HaHOUYacTHl, MpefoXpaHad TakumM odpasom
opraHnsm ot rubenu. [Toka 3To KakeTcs (paHTAaCTHKOMH, HO yuyeHble M3 MHCTHTYTA
TEOPETUUECKON U 3KCIepuMeHTanbHOW Onodnsukn PAH (UT3B6) B [TymmuHoO BeOyT
HccnenoBaHusa MMEHHO B 3TOM HanpasiaeHni, OHM M3y4yaloT AelcTBMe HaHOYaCcTHIL
MMOKCHA LIepHA Ha KIeTKM JXMBOTo opraHKama. B cTaThe B OKTAOPBCKOM BBITYCKE
mypHana «RSC Advances» KOMIeKTHB y9eHbIX Mo pyKoBoacTBom AHToHa Ilomosa
MOKa3as, 4To 06yueHHbIE MBIIIK BEDKMBAIOT, C/IH ¥ HHMX B KJIeTKaX ecTh HaHOYaCTHIIBI,

HMccnengosaTtenu 3 MHcTHTYTa XuMudecKol dusuku um. H. H. Cemerosa PAH

¥ MOCKOBCKOTO (PM3MKO-TEXHMYECKOro MHCTHTYTa (MPTH) MOKazanu, 4To CEHCOPEI
Ha OCHOBE OMHAPHBIX CMECeH METaVIOKCHIHBIX HAHOYACTHI] AOCTATOYHO
UYBCTBUTENbHBI, YTOObI TIPEIYTIPEKIATh O BO3MOKHON TeppopUCTUUECKOM yTpo3e

1 3(peKTUBHO 0OHAPYKMBATD 3arpA3HAKOLIME BeliecTBa. Pe3ynsTaThl OMyOIMKOBaHbI
B JKypHane Sensors and Actuators B: Chemical.



[lpecc-penunsbl: OCHOBHOW TEKCT

e Jlnp

e Ba)xHble NoApOOHOCTH, AeTanu

e LinTaThbl

« bakrpayHA. akTyaJibHOCTb, NpeabiCTopuUA

o [lpyrmne nogpo6bHOCTU, TEXHNYECKUNE AeTanu,
6onbLUue umTaT



[lpecc-penunsbl: OCHOBHOW TEKCT

e Jlo6aBbTE MeTadop
- MOXXHO BNOXXUTb B LUNTATbI

 MO)>XHO cMeLlaTb aKLeHTbl Mo CPpaBHEHUIO C
Hay4YHOW CTaTbeu

 OavH npecc-penus ana scex CMW

- BHavyane — 10, 4YTO NoHATHO CMW obwero Tuna

- [lanee — petanu, MHTepecHble ANy
cneumannsnposaHHbix CMU



[lpecc-penunsbl: OCHOBHOW TEKCT

 [IpocTble NpeaoXeHUs Nyylle CNOXHbIX

o [lenctButenbHbIN 3a10r Ny4ylle cTpagaTesibHOro
e OTCcyTCTBME METaPOopbI Nlyylle Wwramna

 OAWH ab3aL — ogMH HOBbIN TEPMUH

o DaKTYEKUHT

* [locMmoTpuTe «[NaBpep» glvrd.ru

 [Ipob6enbl Mexay ab3aLamMu, KaBblYKU-ENTOUKH,
OJIMHHbIE TUPe: NporpaMmma-Ttunorpag



[lpecc-pennsbl: KTO nuweT?

* YYéHble 06bl4HO (CYMTAOT, YTO OHM) XOPOLLO
NUWYT — HO B gpyrom ctune!

e Jlyywinn npoaykT co3aatoT npodeccnoHanbl —
Hay4YHble KOMMYHUKaTOpbI

e HapaboTanTte ygayHble «KENCbI»



[Ipecc-pennsbl: nuwem no craTbe

« KTO, rae, Korga — ykasaHo B CNy)XXebHou
MHPOPMaLMKN K CTaTbe

PHYSICAL REVIEW LETTERS

Highlights Recent Accepted Collections Authors Referees Search Press About N

Received 16 July 2016

’ Collection
DOl hups://doi.org/10.1103/PhysRevLett. 117.215101
Scafnning Probe Microscopy: From
© 2016 American Physical Society Sublime to Ubiquitous
My 4, 2016

Relativistic Electrons Produced by Foreshock Disturbances

Observed Upsiream of Farth's Bow Shock This collegtion marks the 35t
anniversary of scanning tunneling
L. B. Wilson, lll, D. G. Sibeck, D. L. Turner, A. Osmane, D. Caprioli, and V. Angelopoulos micrascopy (STM) and the 30th
Phys. Rev. Lett. 117, 215101 — Published 14 November 2016 . ;
anniversary of atomic force
\UTHORS & AFFILIATIONS microscopy (AFM). These papers,
all published in the Physical
Avticle References No Citing Articles Supplemental Material m m L. B. Wilsen, Il and D. G. Sibeck Review joumnals, highlight the
positive impact that STM and AFM
NASA Goddard Space Flight Center, Greenbelt, Maryland 20771, USA have had, and continue ta have,
> _ - on physical science research. The
R T papers included in the collection
Charged particles can be reflected and accelerated by strong (i.e., high Mach number) astrophysical have been made free to read.
collisionless shock waves, streaming away to form a foreshock region in communication with the The Aerospace Corporation, El Segundo, California 90245, USA
shock. Foreshocks are primarily populated by suprathermal ions that can generate foreshock
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Charged particles can be reflected and accelerated by strong (i.e., high Mach number) astrophysical
collisionless shock waves, streaming away to form a foreshock region in communication with the
shock. Foreshocks are primarily populated by suprathermal ions that can generate foreshock
disturbances—i{arge-scale (i.e., tens to thousands of thermal ion Larmor radii), ransient (

~ 5-10 per day) structures. They have recently been found 1o accelerate ions to energies of several
keV. Although electrons in Saturn's high Mach number (M > 40) bow shock can be accelerated 1o
relativistic energies (nearfy 1000 keV), it has hitherno been thought impossible to accelerate electrons
beyond a few tens of keV at Earth's low Mach number (I < M < 20) bow shock. Here we report
observations of electrons energized by foreshock disturbances to energies up to at least ~ 300 keV.
Although such energetic electrons have been previously observed, their presence has been attributed
to escaping magnetospheric particles or solar events. These relativistic electrons are not associated
with any solar or magnetospheric activity. Further, due to their refatively small Larmor radii (compared
to magnetic gradient scale lengths) and large thermal speeds (compared to shock speeds), no known
shock acceleration mechanism can energize thermal electrons up to relativistic energies. The discovery
of relativistic electrons associated with foreshock structures commonly generated in astrophysical
shocks could provide a new paradigm for electron injections and acceleration in collisionless plasmas.
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« YuTaeMm cTaTbio MO CXeMe «Hayano — KoHel, — cepeauHa»

* [lepBbI ab3al, — 3TO 06bIYHO 63KIpayHA U
hopMynmMpoBaHue peluaemMon npoobriemMol

Introduction.—Foreshock  disturbances—Ilarge-scale
(~1000 to > 30000 km), solitary [~5-10 perday, tran-
sient (lasting tens of seconds to several minutes)]| struc-
tures [1,2]—generated by suprathermal (>100 eV to
hundreds of keV) ions [3,4] arise upstream of Earth’s
bow shock formed by the solar wind colliding with Earth’s
magnetosphere. These disturbances have recently been
found to accelerate ions to energies of several keV [5,6]
and even produce their own foreshocks [7]. One type was
found to have a distinct suprathermal electron population
with energies >70 keV, which was attributed to a mag-
netospheric origin [8]. Although electrons in Saturn’s high
Mach number (M > 40) bow shock can be accelerated to
relativistic energies (nearly 1000 keV) [9], it has hitherto
been thought impossible to accelerate electrons at the

much weaker (M < 20) Earth’s bow shock beyond a few
tens of keV [10]. Here we report observations of electrons
energized by foreshock disturbances from tens of eV up to
at least ~300 keV. We observe a single isotropic power
law from hundreds of eV to hundreds of keV, unlike
previous studies [8]. All previous observations of ener-
getic foreshock electrons have been attributed to escaping
magnetospheric particles [8,11,12] or solar events [13].
We observe no solar activity and the single isotropic
power law cannot be explained by any magnetospheric
source. Further, current theories of ion acceleration in
foreshock disturbances cannot account for electrons
accelerated to the observed relativistic energies [14-19].

Data sets.—We present observations from the THEMIS
spacecraft [20] near foreshock disturbances. Quasistatic
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* [TocnegHunin absaw, — 310
06bI4YHO BbIBOAbI U
HanpaBeHne JanbHenLwnx
nccnegoBaHnUn Nnu
BO3MOXHbl€ MPUMEHEHUS
pa3paboTKu

Conclusions.—No  previous work ever considered
that foreshock disturbances could locally produce electrons
to these energies. We estimated the maximum energy
clectrons could gain through shock drift acceleration
[15,17.18], assuming highly idealized conditions for a
foreshock bubble, to be at maximum ~160-380 keV.
More realistic estimates, but still ignoring curvature and
fluctuating fields, are ~56-133 keV. However, the same
mechanism could only produce ~3-6 keV electrons for
short large-amplitude magnetic structures but we observe
=300 keV electrons. We also made a preliminary exami-
nation for high-frequency waves finding both magneto-
sonic-whistler modes [4.68] and the higher-frequency
whistler mode waves [75.76] in addition to several types
of electrostatic waves at higher frequencies [76,77]. Yet
when we compare the ratio of the fluctuating to quasistatic
magnetic energy density for disturbances with and without
energetic electron enhancements, we find no noticeable
differences [24]. Future work will examine these modes in
detail as a potential energization mechanism. Thus, it is not
clear why only some disturbances produce enhancements,
and current theory cannot explain the electron energization.
Providing such an explanation is beyond the scope of
this study.

The electron energization is not occurring locally at the
main shock, but remotely within the ion foreshock. The
most outstanding unanswered guestion in shock acceler-
ation theory is the so-called “injection problem™ {i.e., how
to get thermal particles up to suprathermal energies before
they are convected downstream), where previous work has
only considered local energization at the shock. Therefore,
these observations provide a new avenue through which
electrons can be nonlocally preenergized to high enough
energies to undergo further acceleration when interacting
with astrophysical shocks. Given the ubiguity of foreshocks
upstream of collisionless astrophysical shocks, we expect
foreshock disturbances to be ubiguitous as well. which
could fundamentally change our understanding of colli-
sionless shocks.
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XKXYPHAJIMCTUKA» http://alex-alex.ru/nij.php



CIIACUBO SA BHUMAHMUE!



	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9
	Страница 10
	Страница 11
	Страница 12
	Страница 14
	Страница 15
	Страница 16
	Страница 17
	Страница 18
	Страница 19
	Страница 20
	Страница 21
	Страница 22
	Страница 24
	Страница 25
	Страница 26
	Страница 27
	Страница 28
	Страница 29
	Страница 30
	Страница 31

